High Evergy Starting Events (HESE) in Icecube
The HESE data sample in IceCube 1 is selected to extract a sample of astrophysical neutrinos with high purity 2, 3 . Events are accepted into the sample if the interaction vertex is contained in a subvolume of IceCube, defined by the inner part of the detector as the outer most layers are used as a veto region to reject atmospheric backgrounds 4 . We find 102 events observed over 2635 days with 60 events above 60 TeV in deposited energy. HESE is a low atmospheric background event selection used in IceCube to study astrophysical neutrinos, including dark matter (DM) searches and anomalous spacetime effects through the astrophysical neutrino flavour composition.
Key changes in the event reconstruction include global changes to the ice model. This includes both ice anistropy and tilt effects. HESE 7 is consistent with a single power law fit with spectral index of γ ∼ 2.9. Systematic uncertainties include contributions from atmospheric neutrino fluxes as well as detector systematics. We show the energy and angular distributions in Right illustration depicts how the HESE selection is done. Trigger demands that the interaction vertex be fully contained (bound by the dashed region). Events require more than 6000 photoelectrons to ensure (to 99.999%) that cosmic ray muons would produce enough light in the veto region to be excluded 2 . Fig. 2 . Left plot shows HESE 7 energy distribution. The x-axis is deposited energy estimate by a neutrino event interaction. Atmospheric conventional and muon estimates in the sample are mid and dark gray regions respectively. The astrophysical component in light gray has a harder energy spectrum with spectral index γ ∼ 2.9. The number of events in each bin are marked by a cross. Right plot shows zenith distribution for the HESE sample.
Three source flavour compositions of the form (f e : f µ : f τ ) are believed to dominate, namely (1 : 2 : 0), (1 : 0 : 0) and (0 : 1 : 0). We expect to place the most stringent limits on higher order new physics operators. Furthermore, two tau candidate neutrinos have been observed in HESE, with double cascade energies E ∼ 100 TeV and 1.8 PeV. This corresponds to the first astrophysical tau neutrino candidates in IceCube. Current work IceCube Work In Progress is ongoing to quantify their significance. In conclusion, our first ever search of Lorentz violation (LV) was done using astrophysical neutrinos. Most notably, our limit resides several orders of magnitude below the Planck scale. More work is needed to constrain all source flavor paradigms. Our technique reaches the quantum gravity regime for the first time. Future searches will be able to probe the region of flavor space currently inaccessible with 7 years of HESE data.
